Background--Animal models support dietary omega-3 fatty acids protection against abdominal aortic aneurysm (AAA), but clinical data are scarce. The sum of red blood cell proportions of the omega-3 eicosapentaenoic and docosahexaenoic acids, known as omega-3 index, is a valid surrogate for long-term omega-3 intake. We investigated the association between the omega-3 index and the prevalence and progression of AAA. We also investigated associations between AAA and arachidonic acid, an omega-6 fatty acid that is a substrate for proinflammatory lipid mediators.
A bdominal aortic aneurysm (AAA) is characterized by a focal dilation of the aortic diameter ≥30 mm. AAA is asymptomatic until aortic rupture, which is fatal in %90% of cases. Main mechanisms of AAA are proteolysis and oxidative stress, which triggers the inflammatory response of the aortic wall, contributing to the AAA continuum. Oxidative stress and particularly inflammation are inhibited by the fish-derived omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). This prompted the notion that dietary omega-3 might protect against AAA. 1 Such a hypothesis was confirmed in experimental models (angiotensin II-infused apolipoprotein E-knockout mice [2] [3] [4] ).
To date, however, clinical data are limited to a recent study conducted in a small Japanese population that reported a low proportion of EPA in serum related to AAA growth and size. 5 In the frame of a population-based ultrasound-screening trial for AAA in Danish men aged 65 to 74 years (VIVA [Viborg Vascular] trial 6 ), we conducted an observational study that aimed to test whether long-term intake of omega-3 related to decreased prevalence and progression of AAA. In observational studies, the optimal approach to address this issue is by using the fatty acid composition of body tissues, given the difficulties of accurately measuring fat intake from the diet records. 7 Although the fatty acid profile of adipose tissue is the best surrogate of long-term fat intake, circulating fatty acids are a convenient and accepted alternative. 7 The turnover of red blood cells (RBCs; 120-day life span) makes RBCs more suitable for objective assessment of omega-3 fatty acid status than serum or plasma. 8 We focused on the sum of proportions of EPA and DHA in RBCs, known as the omega-3 index, because it is a valid surrogate for long-term omega-3 intake 9 and has been proposed as a risk factor for cardiovascular diseases, particularly sudden cardiac death. 10 We also determined the RBC proportion of arachidonic acid, an omega-6 fatty acid that is a substrate for the synthesis of proinflammatory lipid mediators once released from cell membranes.
Materials and Methods

Data Availability
The authors confirm that, for approved reasons, some access restrictions apply to the data underlying the findings. Access to the data can be requested by applying for permission from the Danish Data Protection Agency and Statistics Denmark.
Setting
This observational study was conducted in the frame of a population-based image-screening trial for AAA in Danish men aged 65 to 74 years (VIVA, ClinicalTrials.gov identifier NCT00662480). The protocol design has been reported in detail elsewhere. 6 In brief, between October 2008 and October 2010, %50 000 individuals were randomized to receive an invitation for vascular screening or to be a control. In total, 18 750 of the 25 000 individuals offered vascular screening agreed to participate. All participants gave informed consent, and the local ethics committee of Viborg Hospital approved the study, which was performed in accordance with the Helsinki Declaration. Trained project nurses performed ultrasound scans of the aorta; measured the ankle-brachial index; and collected anthropometric, clinical, and lifestyle data in 3 mobile units at local hospitals in the region of Jutland, Denmark.
To visualize the aorta, the ultrasound 4-MHz transducer was placed longitudinally just above and a little to the left of the navel. In cases of dilation, the maximal perpendicular anteroposterior diameter was measured. If no dilation was found, the anteroposterior diameter was measured 2 cm above the bifurcation. In the case of infrarenal aortic dilatation, such findings were pre-AAA (25-30 mm) or AAA (≥30 mm). The interobserver variation of aortic diameter measurements was 1.52 mm. 11 Patients with AAA <50 mm diameter were offered annual control scans by the screening team, whereas patients with AAA ≥50 mm were referred for a computed tomography scan and vascular surgical evaluation. Elective surgery was conducted in patients with AAA ≥55 mm. If no repair was indicated, the vascular surgical department took over management because of a need for closer surveillance. Ankle systolic blood pressure was also measured, and maximal anterior-posterior diameter of the infrarenal aorta was measured at the peak of systole from the inner edge to the outer edge of the aorta. The ankle-brachial index was calculated as the mean of the 2 recorded ankle arterial blood pressures divided by the brachial systolic blood pressure. Peripheral arterial disease was defined as an ankle-brachial index <0.90 or >1.4.
We obtained fasting blood samples at diagnosis from 498 AAA patients and 199 age-matched controls free of AAA and peripheral arterial disease who were recruited from the original cohort at baseline after the screening tests. Growth rate was calculated based on the ultrasound scans from the baseline and annual follow-up visits using individual linear regression between sizes and time. During a median follow-up of 4.85 years, 141 AAA patients reached size criteria for recommending vascular repair. One participant in this cohort had emergency surgery and was excluded from further analyses.
Clinical Perspective
What Is New?
• Omega-3 index is not associated with abdominal aortic aneurysm (AAA) presence and progression in Denmark, a country with a high omega-3 index.
• Red blood cell arachidonic acid is related to increased prevalence and progression of AAA.
What Are the Clinical Implications?
• Omega-3 index is not valuable as a biomarker of AAA, at least in this cohort of patients with high fatty fish consumption.
• Arachidonic acid is associated with AAA progression independent of aortic size, suggesting its potential role as a prognostic biomarker.
• Modulation of the arachidonic acid pathway could be a therapeutic strategy to prevent AAA growth.
RBC Membrane Fatty Acid Analysis
Overnight fasting-period (>10 hours) blood samples were obtained by venipuncture and stored at À80°C until fatty acid analysis. The RBC fatty acid profile was determined, as described. 9 In brief, cells contained in a 100-lL aliquot of EDTA-collected blood were hemolyzed and spun. The pellet (>99% RBC membranes) was dissolved in 1 mL BF 3 methanol solution and heated to hydrolyze and methylate glycerophospholipid fatty acids. The fatty acid methyl esters were isolated by adding n-hexane and were separated by gas chromatography using an Agilent HP 7890 gas chromatograph equipped with a 30 m90.25 lm90.25 mm SupraWAX-280 capillary column (Teknokroma), an autosampler, and a flame ionization detector. The amount of each fatty acid was expressed as a percentage of the total identified fatty acids in the sample. The omega-3 index was calculated as the sum of the percentages of EPA and DHA. As reported, 9 the fatty analysis method has been cross-validated against the method used in the original definition of the omega-3 index, with a coefficient of variance of 3% for EPA and DHA. 12 
Statistical Analyses
When the sampling occurred, the hypothesis about an association between AAA and fatty acids had not yet been formulated. To our knowledge, there is a single report of data on RBC fatty acids in Denmark. 13 Given that no data on the omega-3 index are available, sample size was calculated according to arachidonic acid. We assumed that if the mean of arachidonic acid is 15.6 and standard deviation is AE1.51, the smallest detectable difference between AAA and controls is AE0.65, corresponding to <5% of the mean at a 1% significance level and 99% power, suggesting a very robust study concerning the comparison between controls and AAA patients. We could not find any reasonable assumptions to perform a power calculation concerning need for later repair. Normal distribution of data was assessed using graphical methods and the Shapiro-Wilk test. Residuals were assessed in histograms and p-p plots. Differences between AAA patients and controls regarding exposures of interest (omega-3 index and arachidonic acid) and main clinical characteristics were assessed by Student t test. Independent associations between AAA prevalence and both exposures (arachidonic acid and omega-3 index) of interest (divided into tertiles) were assessed by logistic regression analyses with adjustments for active smoking, hypertension, use of statins, use of low-dose aspirin, body mass index, diastolic blood pressure, and peripheral arterial disease at screening. In addition, in the subset of AAA patients, we used the Pearson correlation coefficient to study the association between exposures of interest and maximal aortic diameter and growth rate. Because of a nontransformable nonnormal distribution of C-reactive protein, Spearman correlation tests were used when exploring correlations with C-reactive protein. We also explored whether patients at the upper tertile of each exposure at baseline had an increased risk of needing surgical repair. To address this issue, we obtained a Kaplan-Meier curve for cumulative freedom by constructing a multivariate Cox proportional hazards model, adjusted for active smoking, hypertension, use of low-dose aspirin, use of statins, peripheral arterial disease at screening, body mass index, diabetes mellitus, use of beta blockers, C-reactive protein, and baseline maximal aortic diameter.
Results
The Student t test revealed expected differences in clinical characteristics between AAA patients and controls (Table 1) . No significant differences were found between AAA patients and controls for omega-3 index. The average omega-3 index was 7.6% and was <4% (the proposed cutoff for high cardiovascular risk 10 ) in only 4.9% of the study population ( Figure 1A ). Arachidonic acid proportion in AAA patients was higher than in controls (meanAESD: 15.90%AE2.58 versus 15.06%AE2.33, respectively; P<0.001; Figure 1B ). Participants in the upper tertile of arachidonic acid at baseline consistently had significantly higher prevalence of AAA, independent of potential confounding factors (adjusted odds ratio: 1.309; 95% confidence interval [CI], 1.021-1.678; P=0.033; Table 2 ). In AAA patients, the proportion of arachidonic acid in RBCs directly correlated with maximal aortic diameter (R=0.091, P=0.042; Figure 2A) Figure 2B ), independent of potential confounding factors, including aortic diameter ( 
Discussion
The main conclusion of our study is that in a population with a high intake of omega-3, the omega-3 index was unrelated to AAA. In contrast, the RBC proportion of arachidonic acid, a substrate for generation of lipid mediators with proinflammatory properties, related to an increased prevalence of AAA and, in those diagnosed with AAA, an increased risk of needing surgical repair. Although the role of EPA and DHA in primary prevention of coronary heart disease has long been explored, clinical research on omega-3 and AAA is limited to a recent study conducted in 67 Japanese participants with AAA. Aikawa et al reported that the proportion of EPA in serum, a surrogate marker for EPA intake, 7 inversely related to AAA size and growth after a mean follow-up of 30.6 months. 5 In conflict with this finding, we found that in our population, omega-3 in RBC membranes was unrelated to both AAA prevalence and progression. This discrepancy could underlie several issues. First, the use of fatty acid composition of total serum, which does not reflect long-term intake as accurately as adipose tissue or RBC do, 7 precludes the adscription of observed In contrast, the omega-3 fatty acid status in RBCs has stability documented over a 6-week period 8 ; the use of RBCs also allowed us to examine the omega-3 index, defined as the sum of the percentages of EPA and DHA in RBC membranes, and its role as a risk marker for cardiovascular disease is emerging. Second, the number of AAA patients in our study was noticeably larger and had longer follow-up. Third, white race is a well-defined risk factor associated with the development of AAA, thus hampering direct comparisons regarding the influence of environmental risk factors for AAA between Asian and Western populations.
A plausible explanation for our neutral findings on omega-3 and AAA could be the existence of a threshold of protection of EPA and DHA against AAA in non-Asian individuals, largely exceeded by both controls and AAA patients in our study (given the average omega-3 index of 7.6% in our population). This value resembles those described in other Scandinavian populations, 14 resulting from the customarily high consumption of fatty fish in this area. 15, 16 Future research should confirm or dispel whether the benefits of increasing dietary EPA and DHA on AAA would be observed only with a low background intake of omega-3. This would be similar to prevention of coronary heart disease, for which few benefits Maximal aneurysmal diameter (mm) are observed beyond intakes of 500 mg/d, 17 an amount easily achievable through 2 weekly servings of fatty fish. Of particular interest are cohorts in the United States, a country with low omega-3 index 14 and high AAA prevalence. 18 We observed increased levels of arachidonic acid in AAA patients. Although EPA and DHA act by generating antiinflammatory and vasoprotective compounds (eg, lipoxins, protectins, maresins), arachidonic acid mostly generates proinflammatory molecules on release of cell membranes. Arachidonic acid levels at baseline were associated with increased need of surgical repair independent of C-reactive protein. Interestingly, C-reactive protein showed no association with arachidonic acid, whereas significant inverse associations were observed for omega-3 fatty acids. These findings support the view that the association of arachidonic acid with AAA presence and progression is not simply a reflection of increased systemic inflammation. However, the absence of correlation with C-reactive protein does not preclude the potential contribution of arachidonic acid to vascular (local) inflammatory response. In this regard, increased levels of leukotriene B4 (an arachidonic acidderived compound) have been observed in tissues of AAA patients. 19 Moreover, protection against experimental AAA was afforded by blockade of enzymes involved in arachidonic acid metabolism, such as lipooxygenase. 20 Further research is needed to identify determinants of arachidonic acid in cell membranes and to elucidate the role of this fatty acid, particularly regarding its lipid-derived mediators, on AAA progression.
The main limitation of our study is its observational design. A cause-effect relationship would be established only by a randomized controlled trial involving a nutritional intervention in a large population, ideally, with low background omega-3 intake and high risk of AAA, followed for several years. In addition, cumulative average estimates of arachidonic acid would provide a more robust association with AAA progression than a single baseline measurement. The study also has strengths. Selection bias seems unlikely because the study group members were participants in a population-based screening trial with an attendance rate of 74%. 21 Information bias also seems unlikely because ultrasound-based measurement of the aorta was performed by a validated method showing high position, and information on the need for later AAA repair was based on nationwide registry data in which all AAA repair procedures are recorded by law and for reimbursement. 22 Consequently, all participants had follow-up without missing data. Finally, the analyses were adjusted for known potential risk factors for AAA.
In conclusion, we found that omega-3 index, an objective marker of omega-3 intake, was unrelated to AAA in men from a country in which fish consumption is customarily high. In contrast, the content of arachidonic acid was related to prevalence and progression of AAA.
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